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ABSTRACT

Objectives The aims were to study the risk of all-cause
mortality associated with chronic obstructive pulmonary
disease (COPD) and healthy ageing trajectories (HAT) in
three birth cohorts and to determine the moderating role
of HAT in the association between COPD and all-cause
mortality.

Design Prospective cohort study.

Setting Data from waves 1 to 5 of The Survey of Health,
Ageing and Retirement in Europe.

Participants The total sample was 28 857 community-
dwelling individuals aged 50+ years.

Main outcome All-cause mortality associated with COPD
and HAT adjusting for covariates. We performed Aalen
additive hazards models to explore these associations.
Interactions between COPD and HAT were also explored.
Analyses were conducted separately in three birth cohorts
(>1945, 1936-1945 and <1935). Latent class growth
analysis was used to classify participants into HAT.
Results Three parallel HAT were found in the three

birth cohorts (‘low’, ‘medium’ and ‘high’ healthy ageing).
Participants with COPD had an increased mortality risk,
but this effect was no longer significant after adjusting for
covariates. The ‘low’ HAT was associated with increased
mortality risk in the three subsamples, although this effect
was lower after adjustment. The interaction between COPD
and HAT was significant only in the <1935 birth cohort,
indicating that those with COPD and a ‘low’ trajectory had
a greater risk of mortality.

Conclusions The healthy ageing scale may be a suitable
tool to identify patients at higher risk to mitigate disease
burden and improve patients’ quality of life.

INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) is a major cause of morbidity and
mortality worldwide." > COPD is expected
to become the third leading cause of death
by 2030.” The growing burden of COPD is a
consequence of population ageing and the
continued use of tobacco, which is considered
its main risk factor.? Moreover, air pollution
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Strengths and limitations of this study

» The analyses were performed in different birth co-
horts (>1945, 1936-1945 and <1935) to assess
differences in mortality risks related to societal
changes, such as lifestyle behaviours and occupa-
tion trends.

» We used a novel measurement scale of healthy age-
ing including intrinsic capacity and functional ability
variables.

» The calculation of Aalen’s additive hazards models
rather than Cox models allowed the inclusion of
time-variant variables in the analyses.

» Due to the high percentage of missingness in the
age of the diagnosis of the diseases, we selected the
age of the earliest diagnosis of each disease within
the five waves.

» For the survival analysis, we used the age of the
participants instead of the years of the interview
for better interpretation. However, this introduces
a problem of left truncation since the age range
observed for each participant is different, although
we took this into account in the additive regression
model.

has been associated with acute exacerbations
of COPD, increased respiratory morbidity
and mortality.”

COPD is characterised by a progressive
airflow limitation associated with an abnormal
inflammatory response of the lungs to
noxious particles or gases.® With a worsening
of the disease, there can be an increase of
functional ability limitations in the activities
of daily living (ADL) and in the instrumental
activities of daily living (IADL), limiting exer-
cise performance and self-care.”” COPD
has increasingly been recognised as a multi-
component disease, associated with a wide
range of physical diseases and psychological
disorders." Non-communicable diseases
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(NCDs) such as hypertension, cardiovascular diseases,
diabetes, cancer and depression commonly coexist in
patients with COPD, worsening its progression.' * !
Furthermore, cognitive impairment is common among
COPD patients, suggesting that impaired performance
in neuropsychological tests might be a predictor of early
mortality for people diagnosed with COPD."’

Despite being a growing public health concern, there
is a lack of epidemiological data about the prevalence
and distribution of COPD.®* The paucity of informa-
tion on COPD prevalence and incidence is partly due
to differences in the methods used for its diagnosis
and classification, often being underestimated.® These
differences in the assessment methods and definitions
have also hampered the comparison of COPD preva-
lence and impact across countries. Both The Burden of
Lung Disease (BOLD) project* and the Latin American
Project for the Investigation of Obstructive Lung Disease
(PLATINO)" were developed to map the COPD preva-
lence using the same methodology in different countries.
Those studies were performed in China and Turkey, and
five Latin American countries, respectively. Neverthe-
less, there is a lack of integrated and updated estimates
of COPD prevalence, similar to BOLD and PLATINO
initiatives, and information regarding patient’s quality of
life impact and associated mortality in Europe.” '* Addi-
tionally, available studies suggest large differences across
European countries regarding prevalence rates of COPD
and the associated death rates.'*” In a systematic review,
COPD prevalence ranged from 3% in Finnish women
to 57% in Italian men and women.'"* Some differences
have also been found in COPD-related mortality across
European countries and between men and women.'
Overall, regarding European countries, COPD-related
mortality rates appeared to decline in men in most coun-
tries from 1995 to 2017, whereas mortality rates due to
COPD increased in women from +2% per year in Austria
to +4.2% or+4.8% per year in the Czech Republic and
Hungary, respectively.'”

In that sense, an integrated longitudinal dataset that
considers different European countries could be partic-
ularly useful in studying the risk of mortality associated
with COPD in different European countries. In partic-
ular, using a cross-national panel database may prevent
possible heterogeneities arising from differences in survey
methodologies, diagnostic criteria and population struc-
ture.'® The study of the mortality risk in COPD patients,
and its association with several variables related to health
and functioning would allow identifying those vulner-
able sectors of the population and creating of preventive
measures and interventions in diverse healthcare systems.

Previous studies focused on the association between
exercise capacity and mortality among patients with
COPD, which has been considered one of the best predic-
tors of mortality.'”"* Measures of exercise capacity include
indicators such as body mass index, airflow obstruction,
dyspnoea, handgrip strength and the sit-to-stand test.”
Nevertheless, these indicators of exercise capacity are

just measures of intrinsic capacity that do not capture the
individual’s functional ability over the life course. In that
sense, the functional ability results from the interaction
of the individuals’ intrinsic capacity, including physical
and mental capacities, and their environment, as access
to medications, personal and assistive support or physical
barriers.”’ Therefore, a measure assessing both intrinsic
capacity and functional ability may be a better way to
capture a person’s healthy ageing.

Several authors advocate for using composite
measures as the International Classification of Func-
tioning, Disability and Health to assess COPD patients’
complexity, including also functional capacity and func-
tional performance.* Related to this, the Ageing Trajecto-
ries of Health: Longitudinal Opportunities and Synergies
(ATHLOS) project® developed a healthy ageing scale®
using 16 international cohort studies to determine the
intrinsic capacity and functional ability of the partici-
pants allowing comparisons across countries. The healthy
ageing scale comprises several domains such as vitality,
sensory skills, locomotion/mobility, cognition, ADL and
IADL. Thus, this measure includes measures of exercise
capacity and functionality that could be affected by the
course of COPD and impact on the patients’ quality of
life.

The aims of the present paper are: (1) to study the
risk of all-cause mortality associated with COPD and
healthy ageing trajectories (HAT) in three population-
based cohorts of middle-aged and older adults and (2) to
determine the moderating role of HAT in the association
between COPD and all-cause mortality. We speculated
that a HAT characterised by low levels of healthy ageing
would be significantly associated with an increased risk
of mortality in people with COPD. In contrast, individ-
uals with higher levels of healthy ageing and COPD would
have a lower risk of mortality.

METHODS
Study design and data collection
The present study used data from five waves of The Survey
of Health, Ageing and Retirement in Europe (SHARE).*
SHARE is a multidisciplinary, cross-national panel data-
base that contains a broad range of information on
health, socioeconomic status and social networks of Euro-
pean citizens aged 50 and older. The first wave took place
in 2004-2005, constituted by more than 22 000 persons
born in 1954 and earlier, and the following waves were
conducted approximately every 2 years. The interviewers
used computer-assisted personal interviewing (CAPI) to
collect most of the data in all waves. Additionally, in waves
1, 2 and 4, self-administered questionnaires were handed
out after the CAPI completion. If a respondent passed
away during the study, then an end-ofife interview was
conducted with a proxy.

The overall individual response rate at baseline was
60.1%, and the wave-to-wave retention rate of partic-
ipants from wave 1 was higher than 55% in all the
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countries.”” All participants gave written consent. Ethical
approvals for waves from 1 to 3 were granted by the Ethics
Committee of the University of Mannheim.* For waves 4
and 5, the SHARE projects were reviewed and approved
by the Ethics Council of the Max-Planck Society.”® Further
details concerning the study design of SHARE can be
found elsewhere.**

The following countries were included in the present
analysis: Denmark, Sweden, Greece, Italy, Spain, Israel,
Austria, Belgium, France, Germany, Netherlands and
Switzerland. We excluded participants incorporated in
the subsequent waves due to the sample’s refreshments
(n=30 816). The analyses focused on people aged 50
years and older who completed a non-proxy interview
at baseline, resulting in an analytical sample of 28 857
respondents.

Patient and public involvement
No patient involved.

Measurements

All-cause mortality

The death of a participant was confirmed by interviewing a
proxy-respondent since information on the deceased was
not linked to national death registries.”” " If confirmed,
the date of death was obtained from end-of-life interviews
with a proxy respondent.”” ¥ Participants were charac-
terised as survivors or censored if they were alive at the
end of the study period, and dead if they died during the
study period.

Survival time was calculated in years and as follows:
(1) from baseline to the reported date of death or the
final assessment date for those participants who were
alive at the end of 2013 or (2) in the case that a partic-
ipant reported being diagnosed with COPD at baseline,
survival time was calculated from baseline. Besides, for
the set of patients who reported a new diagnosis of COPD
during the follow-up period, we considered the first time
of the observation as the age at which they were newly
diagnosed.

Chronic obstructive pulmonary disease

Participants reported whether a doctor ever informed
them that they had ‘COPD such as chronic bronchitis
or emphysema’. In the present study, we considered the
first age in which a participant reported having been diag-
nosed with COPD instead of considering the presence/
absence of COPD at baseline because the participant
might be diagnosed in the subsequent waves. Therefore,
COPD diagnosis was treated as a time-variant variable.

Healthy ageing scale

We used an international scale of healthy ageing measure-
ment developed by the ATHLOS consortium.”’ * This
scale used items about intrinsic capacity and functional
ability based on the World Mental Health’s (WHO)
concept of healthy ageing.®® The healthy ageing scale
covers different domains, such as vitality, sensory skills,
locomotion/mobility, cognition, ADL and IADL.

Thirty-nine study-specific variables were harmonised into
dichotomous items indicating the presence or absence
of difficulties (see online supplemental table 1). Final
scores were estimated for all individuals and converted to
T-scores with a mean of 50 and an SD of 10. We applied
latent class growth analysis (LCGA)® to identify longitu-
dinal trajectories according to the healthy ageing scale
score across the waves and classify the participants into
those trajectories.

Covariates

Demographic variables included sex (male/female), age
(in years), level of education (less than primary, primary,
secondary, and tertiary), marital status (single, married
or currently cohabiting, separated or divorced and
widowed) and quintiles of household wealth (first quin-
tile indicating lowest level).

Lifestyles and health behaviours included ever smoked
and practice of vigorous physical activity during the last
2 weeks and were coded as yes or no. The following
self-reported diagnoses of NCDs different from COPD
were included: diabetes, hypertension, joint disorders
(arthritis, rheumatism, or osteoarthritis), asthma, myocar-
dial infarction and stroke. Similar to COPD, we selected
the age of the earliest diagnosis of each NCD across the
five waves, considering them as time-variant variables.

Depression was assessed with the EURO-D 12-item scale,
which was developed and validated for the EURODEP
studies to measure depressive symptoms across European
countries, accounting for regional differences.”” *' The
EURO-D score ranges from 0 to 12, with higher scores
meaning higher levels of depression, being four or greater
than the proposed cut-off score that has been selected to
create a dichotomous depression variable (yes/no).*

Finally, we grouped the countries into three Euro-
pean regions according to the WHO and the United
Nations Statistical Division regional classification.” *
Thus, Northern Europe was constituted by Denmark and
Sweden; Western Europe included Austria, Belgium,
France, Germany, Israel, the Netherlands; and Switzer-
land, and Southern Europe included Spain, Italy and
Greece.

Statistical analyses
We divided the sample into three groups according to
the participants’ birth year and kept proportional sample
sizes. The first group (n=9866) was composed of those
participants who were born after 1945 (the youngest
participants: aged 50+), the second group (n=9254)
comprised participants born between 1936 and 1945
(ages from 58 to 70 years old) and the third one (n=9739)
encompassed individuals who were born in 1935 or earlier
(the oldest participants: from 69 to 104 years old). Anal-
yses were independently conducted in these three birth
cohorts.

LCGA was used to classify individuals into trajecto-
ries based on their score on the healthy ageing scale.”
The number of trajectories was determined by analysing
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group models from 1 to 5 trajectories. According to the
Bayesian information criterion, the optimal model was
selected. The lowest value indicates the better fit** ** and
the sample size of the trajectory group. In addition, a
sample size lower than 5% was considered insufficient to
identify classes.”

To analyse the associations between COPD and time to
death, we conducted an Aalen additive hazards model-
ling approach, avoiding the assumption of proportion-
ality of the Cox regression hazards.”*” These models can
provide a better picture of how the effects of covariates
develop over time without assuming the proportional risk
hypothesis as in the Cox regression models.” Parameters
of these models are arbitrary cumulative regression func-
tions that represent the cumulative excess risk at each
unit of time and are useful to assess changes over time
graphically.® CIs above zero for a concrete age indicate
a significant risk, below zero indicate a protective effect,
and CIs including zero show a non-significant risk.*
Models were adjusted for sex, age, marital status, level of
education, household wealth, region, vigorous physical
activity, tobacco consumption, HAT, depression and pres-
ence of NCDs, all as time-varying covariates. The interac-
tion between COPD and HAT was also assessed. Age was
used as the time measure. Participants who were alive at
the end of the study period or in their final assessment
were censored. In the modelling process, data were left-
truncated because we considered the first interview as
the time of diagnosis in the participants whom and NCD
had been diagnosed before baseline. All analyses were
performed using R V.4.0.3.*" Statistical significance was
set at p<0.05.

RESULTS

We identified three HAT in each of the three birth
cohorts according to lower BIC and the sample sizes
not lower than 5% (online supplemental table 2 and
online supplemental figure 1). Although four trajecto-
ries met the selection criteria in the oldest birth cohort,
we decided to select a three-trajectory model to facili-
tate comparison between the three cohorts. In all birth
cohorts, the trajectories were parallel. The first trajectory
group included individuals with the highest scores on the
healthy ageing scale and the third with the worse scores.
We named each trajectory group as ‘high’, ‘medium’ and
‘low’, respectively.

Table 1 shows the characteristics of participants. Those
participants of the oldest group (born <1935) showed a
higher prevalence of COPD (12.50%), followed by those
born between 1935 and 1945 (9.57%), (p<0.001). The
oldest group presented lower proportions of the ‘high’
HAT (31.60%) compared with the other two birth cohorts
(p<0.001). Finally, the proportion of deaths increased
with age, being lower in the >1945 (2.07%) and higher in
the <1935 subsample (16.90%) (p<0.001).

Three Aalen regression models were conducted: one
with only the variable COPD, the second with only the

HAT variable, and the third with COPD and the HAT
adjusted for covariates. The estimated cumulative coef-
ficients of the first and second model are presented in
online supplemental figure 2, and those from the third
model are presented in figure 1, according to the >1945,
1936-1945 and <1935 subsamples, respectively. In the
first model, COPD diagnosis had a significant risk on
mortality in the three birth cohort groups: from 74 years
old onwards in the <1935 subsample, from 65 years old
onwards in the other two subsamples (see online supple-
mental figure 2). In the second model, regarding the
HAT, those individuals classified in ‘low’ trajectories had
a significant risk of mortality: in the <1935 subsample,
there was a significant risk of death from 76 to 94 years,
and from 97 to 98; in the 1936-1945 subsample from 63
onwards; and in the >1945 subsample from 60 onwards.
Those following a ‘medium’ HAT had a significant risk
of death in the <1935 subsample intermittently from 76
to 86 years and at 98 years; in the 1936-1945 subsample
from 65 onwards; and in the >1945 subsample from 62
onwards (see online supplemental figure 2).

Figure 1 shows the estimated cumulative coefficients
calculated from the third model (including all variables)
for each birth cohort. In this model, although the risk
effect of COPD increases across age, it was rather non-
significant (only a small effect in the <1935 subsample
around 76 and 77 years old). In the case of the HAT, ‘low’
trajectories were associated with a higher risk of mortality
in the case of the <1935 subsample (from 88 to 90). There
was a significant mortality risk in the 1936-1945 and the
>1945 birth cohorts (from 71 onwards and 60 onwards,
respectively). ‘Medium’ HAT had only a significant effect
in the 1936-1945 subsample, from 74 onwards. The inter-
action between COPD and HAT was assessed in the third
model. A significant effect was only found in the model
with the <1935 subsample. The interaction showed a
significant effect (higher risk of death) for participants
with COPD and a ‘low” HAT, with the highest risk of death
at the age of 75 and from 81 to 87.

Completed and detailed results of the fitting of Aalen’s
additive regression models are presented in online
supplemental figure 3.

DISCUSSION

We analysed the association of COPD with the risk of
mortality and the moderating role of HAT in the SHARE
study, a population-based cohort of middle-aged and
older adults from 12 European countries who were
followed up for 9 years. To account for potential cohort
effects, we analysed the results separately in three groups:
those born after 1945 (aged 50+), born between 1936 and
1945 (ages from 58 to 70 years old), and born in 1935 or
earlier (ages from 69 to 104 years old).

Our findings show that COPD increased the risk of
mortality in the three birth cohorts. However, this associ-
ation was no longer significant after adjusting for demo-
graphic and economic variables, presence of other NCDs
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Years of birth cohort

<1935 1936-1945 >1945
Characteristics (N=9738) (N=9254) (N=9865) P value*

Age, mean (SD) 74.40 (5.94) 61.30 (2.95) 52.10 (2.58) <0.001

Single 452 (4.64) 468 (5.06) 638 (6.47)

Divorced 338 (3.47) 603 (6.52) 950 (9.63)

Education level, n (%) <0.001

Primary 3895 (40.00) 2513 (27.20) 1604 (16.30)

Tertiary 1115 (11.40) 1754 (19.00) 2495 (25.30)

First (worst) 1798 (18.50) 801 (8.66) 687 (6.96)

Third 2185 (22.40) 1895 (20.50) 1481 (15.00)

Fifth (best) 1555 (16.00) 2931 (31.70) 4243 (43.00)

Northern Europe 1557 (16.00) 1483 (16.00) 1473 (14.90)

Southern Europe 3339 (34.30) 3095 (33.40) 3302 (33.50)

High 3073 (31.60) 4620 (49.90) 5962 (60.40)

Low 1952 (20.00) 1143 (12.40) 853 (8.65)

Ever smoked, n (%) 3910 (40.20) 4572 (49.40) 5543 (56.20) <0.001

Diabetes 1821 (18.70) 1628 (17.60) 1132 (11.50) <0.001

Joint disorders 3914 (40.20) 3018 (32.60) 2407 (24.40) <0.001

COPD 1214 (12.50) 886 (9.57) 622 (6.31) <0.001

Stroke 1119 (11.50) 565 (6.11) 332 (3.37) <0.001

Death, n (%) 1642 (16.90) 451 (4.87) 204 (2.07) <0.001

Household income was divided into five quintiles (the first indicating the lowest income). Marital status ‘married’ category included ‘currently
married or cohabiting’ and ‘divorced’ included ‘divorced or separated’.

*Based on t-tests for numerical variables and y? tests for categorical variables.

COPD, chronic obstructive pulmonary disease.;

(3]
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Models adjusted by sex, education, wealth, marital status, region, depression,
diabetes, hypertension, joint disorders, asthma, myocardial infarction, and stroke:

COPD Healthy Ageing Trajectory Interaction: HA Traj & COPD

06- 06-
low scores low scores

medium medium

0.4- —— high (baseline) 0.4- —— high (baseline)

Birth Cohort
<=1935

50 60 70 80 90 100 50 60 70 80 80 100 50 60 70 80 80 100

Birth Cohort
1936-1945
00— - -— @S- - - - - - - 00---

Cumulative coefficients

-01- -0.1-

50 60 70 80 90 100 50 6 70 8 0 100

0.10- 0.10-

Birth Cohort
>1945

5 60 70 80 90 100 50 60 70 80 90 100

Age
Figure 1 Cumulative excess risk of mortality associated
with COPD, HAT by birth cohort and their interaction in
the oldest birth cohort. All models were adjusted by sex,
education, wealth, marital status, region, depression,
diabetes, hypertension, joint disorders, asthma, myocardial
infarction and stroke. COPD, chronic obstructive pulmonary
disease; HAT, healthy ageing trajectories.

and depression, and HAT. In line with previous research,
the study of mortality in patients with COPD is quite
cumbersome, and multiple variables may play a role in
this association. For example, lung cancer and COPD
mortality were assessed, including several variables (resi-
dential characteristics, marital status, education, health
insurance and family income) in a research study based
on The National Longitudinal Mortality Study in the
United States.” They found that COPD mortality rates
were highest among 65-74 years old, in males and non-
Hispanic whites.”” The results concerning the periods
are consistent with those we found before adjustment,
suggesting the existence of a period of increased risk of
mortality in patients with COPD. In another study based
on The National Mortality Database of Statistics Canada,
the mortality related to COPD varied by age, sex, birth
cohort and the province.* In that study, the mortality risk
attributed to COPD decreased in male and female cohorts
born after 1920 to 1924, whereas between 1971 and 1983
the mortality ratios were stable.” Thus, performing the
analyses considering different birth cohorts seems appro-
priate since exposure to risk factors for COPD such as
tobacco consumption or occupational pollution might
greatly vary across birth cohorts. Moreover, previous

studies on the risk of COPD mortality have reported
differences in age, sex, birth cohort, location, household
income, education and marital status.*>™# Thus, the study
of mortality associated with COPD needs to account for
the potential confounding effects of these risk factors.

One potential confounder is the region of residence,
as indicated in previous studies.*® Despite not being the
focus of our study, we identify that living in Western or
Southern Europe had a protective effect on the risk of
all-cause mortality, compared with Northern Europe
(Denmark and Sweden). Similarly, Blanco et al found
a lower mean COPD prevalence in Southern Europe
(10.8%) compared with Northern Europe (11.5%).
However, variations in COPD prevalence were also found
among countries of the same European region.w In
Northern Europe, it was higher in Denmark (ranging
from 12% to 25%) than in Sweden (ranging from 2% to
20%); whereas in Southern Europe, Italy showed higher
prevalence (ranging from 12% to 23%), than in Spain
(from 7% to 10%)."* The greater COPD prevalence and
its associated mortality risk in Denmark could be a conse-
quence of a very high smoking prevalence in the past five
decades, resulting in the highest COPD prevalence in
the western world.*” This heterogeneity among countries
and regions might suggest the need for a better under-
standing of the underlying mechanisms.

Regarding the HAT, our results seem to confirm that
participants (from different birth cohorts) with ‘low’ and
‘medium’ HAT (ie, worse health status) have a higher risk
of mortality compared with those classified into ‘high’
HAT. This effect remains after adjusting for covariates,
although in the case of the ‘medium’ trajectories, only a
significant effect was found in the 1936-1945 birth cohort
(constituted by people aged 58-70 years old). According
to our results, ‘low’ trajectories seem to discriminate
a poorer health status in a better way and to predict
mortality, even after adjusting for confounders. Previous
studies examined the connection between healthy ageing
and mortality, although using different indicators.* * In
a South Brazilian population-based cohort, researchers
differentiated between normal ageing and successful
ageing (defined as a good state of health, a complete
absence of functional disability and mood changes, and
no cognitive impairment).* They detected that successful
agers had lower mortality rates, and the normal agers had
a higher risk for mortality.*® These results may be extrap-
olated to our ‘low’ and ‘high’ HAT, being the last the
equivalent to ‘successful ageing’. Another study used The
Healthy Ageing Index (HAI) as a summary measure of
physiologic ageing® composed of cardiovascular, lung,
cognitive, metabolic and kidney function markers. In that
study, HAI scores tended to increase with age (meaning
worse healthy ageing) and predicted mortality from a
given time point.” Hence, composite measures of ageing
seem to be powerful tools to predict mortality and iden-
tify individuals at a higher risk.

One of the main results from our study is that the asso-
ciation between COPD and risk of mortality depended
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on the HAT of the oldest participants (ie, born <1935).
Individuals with COPD and a ‘low’ trajectory of healthy
ageing were more likely to die at the age of 75 years old
and from 81 to 87, compared with people with COPD
and a ‘medium’ or ‘high’ HAT. The healthy ageing scale
covers several domains (vitality, sensory skills, mobility,
cognition and ADL/IADL) and could negatively affect
those patients with worse COPD symptoms.”” The fact
that these results were found only in the oldest subsample
may be related to the course of the disease since COPD is
a progressive disease, and exacerbations and hospitalisa-
tions are particularly common among older individuals.”
Our results point out temporary spaces where older
patients with COPD with a ‘low” HAT are at higher risk of
mortality. Thus, future efforts should be concentrated on
those aged 75 years old and from 81 to 87.

Few studies have analysed the relationship between
health status in patients with COPD to the best of our
knowledge. These studies were based on self-reported
perceived health status assessed through the SF-12 ques-
tionnaire, a generic instrument to evaluate physical and
mental health.”’ ®* The main finding in one of these
studies that used data from the BOLD project was that
COPD severity was an important determinant of health
status (more severity linked to poorer health status).”
Although these studies considered the health status of
people with COPD, we have not found any study that
used a composite measure of healthy ageing as we have
done. An integrated measure assessing intrinsic capacity
and functional ability could be a useful tool in daily clin-
ical practice for patient prognosis, as well as a mortality
predictor, and for the creation of future public health
strategies addressing COPD patients’ needs.”’ While
it is true that other composite tools to predict COPD
mortality are available (such as St George’s Respiratory
Questionnaire,53 or the BODE indexM), the healthy
ageing scale is a comprehensive tool that could be applied
not only to patients with COPD but also to patients with
multimorbidity.

Strengths and limitations

These findings should be interpreted in light of the
following limitations. First, the presence or absence of
COPD and NCDs was based on self-reported diagnos-
tics. Thus they might be affected by measurement errors.
Nevertheless, some authors sustain self-reported diag-
nostics as a well-established method for measuring NCDs
in population-based studies.”” Second, we made some
assumptions in terms of age of diagnosis. Due to the high
percentage of missingness (48%) in the age of the first
NCD diagnosis, we selected the age of the earliest diag-
nosis of each NCD within the five waves. That is, we coded
the age of the participant in the wave he/she reported the
first time having some of the included diseases. Despite
being an assumption, there are only 2 years between each
wave in the SHARE study. Thus, we believe that there is
not a significant impact on our conclusions. Thirdly, we
split the sample into three birth cohorts when performing

the analyses, and we reported the mortality risk in each
group. By doing so, we captured potential cohort effects
which people from different birth cohorts can be influ-
enced by different exposure to COPD-related risk factors
that contribute differently to mortality, as the different
trends in smoking prevalence. For each birth cohort, the
survival analysis can be focused according to the years of
the interview or according to the age of the participants.
We finally decided to do it according to the age of the
participants because working with time-varying variables
and without the assumption of proportional risks, the
fluctuations in mortality risk according to age could be
better interpreted. However, this introduces a problem
of left truncation since the age range observed for each
participantis different, although we took this into account
in the additive regression model. Fourth, another issue is
that the age range observed for each birth cohort is also
different so that the excess cumulative risk curve starts at
the first observed age. Therefore, the bias of the healthy
participant in the first wave of the study means that there
is no significant excess risk in the first ages of observa-
tion. Fifth, we considered several variables that could
affect mortality in COPD patients, such as the presence
of other NCDs, ever smoked, the practice of vigorous
physical activity and the role of HAT on mortality risk.
However, other known factors with cumulative effects on
COPD, such as long-term smoking and physical activity or
lung function data,” were not available in the study. Thus
we could not control for their potential confounding
effect. Alongside these limitations, this study had some
strengths. First, the analyses were performed in different
birth cohorts (>1945, 1936-1945 and <1935) to assess
differences in mortality risks related to societal changes,
such as lifestyle behaviours and occupation trends.
Second, we used a novel measurement scale of healthy
ageing, including intrinsic capacity and functional ability
variables. Compared with the use of different health indi-
cators separately, we believe that using an integrated and
reliable measure of health status is a powerful tool to
predict the mortality risk of the participants. Third, the
calculation of Aalen additive hazards models rather than
Cox models allowed the inclusion of time-variant vari-
ables in the analyses.

CONCLUSION

COPD is a costly and preventable disease that has large-
scale implications for patients’ quality of life and society
in general.”®®” Our findings suggest that the association
between COPD and the risk of mortality in the general
population of middle-aged and older adults might be
explained by the presence of other risk factors. However,
for older people with COPD (ie, aged 69 or older),
having a poor trajectory of healthy ageing might compro-
mise their survival. Especial attention should be paid to
these patients, with the healthy ageing scale as a suitable
tool identifying older patients with COPD at high risk of
mortality.’
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